LRP16 was previously identified as an estrogen-induced gene in breast cancer cells. The responsiveness of LRP16 to estrogen and its functional effects in endometrial cancer (EC) cells are still unclear. Here, we show that the mRNA level and promoter activity of the LRP16 gene were significantly increased by 17β-estradiol (E2) in estrogen receptor α (ERα)-positive Ishikawa human EC cells. Although the growth rate of Ishikawa cells was not obviously affected by ectopic expression of LRP16, the results of a Transwell assay showed an approximate one-third increase of the invasive capacity of LRP16-overexpressing cells. As a result of molecular screening, we observed that the expression of E-cadherin, an essential adhesion molecule associated with tumor metastasis, was repressed by LRP16. Further promoter analyses demonstrated that LRP16 inhibited E-cadherin transactivation in a dose-dependent manner. However, the inhibition was abolished by estrogen deprivation, indicating that the downregulation of E-cadherin transcription by LRP16 requires ERα mediation. Chromatin immunoprecipitation analyses revealed that the binding of ERα to the E-cadherin promoter was antagonized by LRP16, suggesting that LRP16 could interfere with ERα-mediated transcription. These results suggest that the upregulation of LRP16 by estrogen could be involved in invasive growth by downregulating E-cadherin in human ECs.
Introduction
Estrogens play crucial roles in the normal physiology of a variety of tissues, including those of mammary glands, reproductive tract, central nervous system and skeleton [1] . Estrogen mediates its biological effects through two receptors α and β (ERα ERβ), which function as liganddependent transcriptional activators [2] . The subsequent transactivation of ER target genes occurs through the direct binding of liganded ER to classical estrogen response elements (ERE) in gene promoters or indirect binding through interactions with other transcriptional factors such as Ap1, Sp1 or nuclear factor κB [3] [4] [5] . The biological functions downstream of ER result from the altered expression of direct transcriptional targets as well as secondary effects that are mediated by the biological activities of direct targets.
The endometrium is a classical hormone-dependent tissue and most of the endometrial adenocarcinomas, which represent over 80% of endometrial cancers (ECs), are hormone-dependent tumors. Elevated estrogen levels or unopposed estrogen exposure has been linked to the development and progression of ECs [6, 7] , hence it is important to delineate the molecular mechanisms that underlie the roles of estrogen in endometrial carcinogenesis.
Function of LRP16 in endometrial cancer 870
npg EC cell lines have been used as models for understanding the mechanisms associated with 17β-estradiol (E2)-induced gene expression and for the development of antiestrogenic and anticarcinogenic agents for treating this disease [8] . Among these ERα-positive EC cell lines, Ishikawa cells, which are derived from the well-differentiated human endometrial adenocarcinoma, are an extensively used model [9] [10] [11] .
E-cadherin is a major component of adherent junctions in vertebrates and is essential for establishing tight physical cell-cell adhesion [12, 13] . Transcriptional inactivation of the E-cadherin gene has been widely linked to the acquisition of the invasive phenotype for many epithelial tumors including ECs [14, 15] . In addition to the promoter hypermethylation of the E-cadherin gene, overexpression of transcriptional repressors such as Snail and Twist is an alternative mechanism for the decrease of E-cadherin gene expression in breast tumors [16, 17] . Indeed, there is evidence to show that the expression level of the E-cadherin gene is directly linked to ERα status in human breast cancer cells [18, 19] . But for ECs, the inactivation mechanism of E-cadherin is poorly understood.
The human LRP16 gene, which was originally isolated from peripheral lymphocyte cells by our group [20] , contains an open reading frame for a protein of 325 amino acids. LRP16 protein mainly localizes in the nuclei of several cell lines [21] and contains a Macro_Appr_pase-like domain of unknown function (available at http://www. ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml). Previous studies have demonstrated that E2 upregulates the promoter activity of LRP16 through Sp1-mediated pathways in MCF-7 breast cancer cells [22, 23] . LRP16 overexpression in MCF-7 significantly stimulates cell proliferation [22] . The expression level of LRP16 mRNA was detected to be higher in 40% of primary breast cancers, and the clinicopathological characteristics, such as ER/PR-status, tumor diameter and the involvement of axillary lymphoid nodes, were tightly linked with LRP16 mRNA expression level [24] . These findings imply that LRP16 might have an important role in carcinogenesis and/or in the progression of hormone-dependent cancers, and led us to explore the regulatory mechanisms of LRP16 expression and its possible function in EC.
In this study, we focus on the regulation of LRP16 expression by E2 and its functional significance in Ishikawa human EC cells. Our results document a novel molecular pathway of ERα/LRP16/E-cadherin and reveal a role for LRP16 in promoting cancer cell invasion in vitro.
Materials and Methods

Cell culture
All cell lines were purchased from the American Type Culture Collection (ATCC) (Rockville, MD, USA) and were cultured according to the manufacturer's instructions. pL374 and pL668 are MCF-7 cell lines that stably express LRP16-SiRNA and pLGFPi is an MCF-7 cell line that stably expresses control siRNA. These were previously established in our laboratory using a retrovirus-mediated hairpin-siRNA expressing system. The endogenous LRP16 inhibition rate in the above cell lines was 90%, 60% and 0%, respectively [25] . These cells were cultured in DMEM that was supplemented with puromycin (1 µg/ml). Ishikawa and T47D cells were cultured in DMEM supplemented with 10% fetal calf serum (FCS) and MDA-MB-231 cells were maintained in L15 medium supplemented with 10% FCS. 17β-Estradiol (E2) was purchased from Sigma (St Louis, MO, USA). The pure estrogen antagonist ICI 182 780 was provided by Dr Qinong Ye at the College of Military Medicine Science of China. Phenol-free medium was purchased from the Institute of Basic Medicine, Xiehe Hospital (Beijing, China). Steroid-deprived FCS was prepared as described previously [23] .
Plasmids
The human LRP16 full-length cDNA was cloned into the pcDNA3.1 expression vector as described previously [22] . Mammalian expression plasmids for estrogen receptor α (pS5G-hERα) were provided by Professor Hajime Nawata (Kyushu University, Fokuoka, Japan). The E-cadherin expression vector pcDNA3.1-Ecad was provided by Dr Xu Li at the University of Tennessee, USA. The luciferase reporter gene construct (E-cadK1-Luc) containing the E-cadherin sequence was provided by Dr Eric R Fearon at the University of Michigan, USA [26] . The luciferase reporter pGL-S 5 included the fragment of -676 to -24 bp from the LRP16 upstream regulatory region, which contains an ERE half site (ERE1/2)/GC-rich Sp1 binding site as described previously [24] .
Transfection
Expression vector pcDNA3.1-LRP16 or the blank pcDNA3.1 was transfected into Ishikawa cells using the Superfect transfection reagent (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Two days after transfection, the cells were treated with G418 (Gibco BRL, Grand Island, NY, USA) at 1 mg/ml for 2 weeks and were then continuously cultured with 0.5 mg/ml G418.
Ishikawa cells were seeded in 10-cm culture dishes and grown to 90% confluence until transfection. siRNA duplexes were transfected using Lipofectamine 2000 according to the manufacturer's recommendations (Invitrogen). siRNA oligonucleotides were chemically synthesized by Shanghai GeneChem Co., Ltd (Shanghai, China). The sequence of LRP16-siRNA 374 (sense strand, 5′-GCAGCGGGAG-GAACAUUCATT-3′) was reported previously [25] . The unrelated siRNA sequence (sense strand, 5′-UUCUCCGAACGUGUCAC-GUTT-3′) was used as control. The siRNA duplex was transfected in each dish to give a final concentration of 50 nM. Cells were harvested 48 h after transfection for immunoblotting analyses and Transwell assays.
RNA isolation and northern analysis
Total RNA was isolated by the acid guanidium thiocyanate-phenol chloroform method using TriBlue reagent (Biotec Co., Beijing, China). Twenty micrograms of total RNA was electrophoresed through a 1% agrose gel containing formaldehyde and was transferred to a Hybond N + membrane (Amersham, Buckinghamshire, UK). The membranes were hybridized using the following probes labeled 
Antibodies, immunoblotting and immunohistochemistry
Antiserum against human LRP16 protein was generated in rabbits using pRSET-C-expressed LRP16 antigen (amino acids 83-324). The other antibodies utilized were E-cadherin (BD Transduction, USA), MMP2, MMP9, CD44 and β-actin (Santa Cruz Biotechnology, CA, USA). For immunoblotting, cell lysates were electrophoresed by SDS-PAGE using 10% acrylamide gels and blotted onto PVDF membranes (Amersham). Blots were probed with the primary antibodies, washed and then incubated with horseradish peroxidase-labeled secondary antibodies (Santa Cruz), and binding was detected using enhanced chemiluminesence.
For immunohistochemistry, cells cultured on cover slips were rinsed twice with PBS and fixed with ice-cold methanol for 10 min. The antibody dilution of E-cadherin was 1:200. Detection with the PV-9000 system (Santa Cruz) for immunoperoxidase staining followed the manufacturer's recommendations. Cells were counterstained with hematoxylin before mounting for microscopy.
Cell proliferation assay
To measure cell growth rates, cells were seeded at 1×10 4 per well in 24-well plates. After cells were attached to the wells, the medium was replaced with 1 ml of fresh DMEM with 1% FBS, and was changed every 2 days. Cells from three dishes were trypsinized and counted each day. Each experiment was repeated three times. Based on the counted cell numbers at different time points, a cell proliferation curve was generated.
Luciferase reporter assays
Cells of 50% confluence in 35-mm dishes were transfected using the Superfect reagent. 0.25 µg of the E-cadherin promoter gene construct, or the LRP16 promoter gene construct, was co-transfected with 1 ng of pRL-SV40 (Promega, WI, USA) per well. Cell extracts were prepared 42 h after transfection, and the luciferase activity was measured using the Dual-Luciferase Reporter Assay System (Promega). All experiments were performed in triplicate.
Boyden chamber invasion assays (Transwell assays)
Invasion assays were carried out in modified Boyden chambers with 8-µm pore filter inserts for 24-well plates (BD Transduction, USA). The surfaces of the filters were coated with 15 µl of ice-cold Matrigel (15 mg/ml protein; BD Tranduction) for 60 min at room temperature. Uniformity of the coating was checked by Coomassie blue staining and low-power microscopic observation. The lower chamber was filled with medium containing 10% serum. Fibronectin (16 µg/chamber) was added as the chemoattractant to the lower chamber. Ishikawa cells (1×10 5 cells/well) were washed with 1× PBS twice, re-suspended in 200 µl of serum-free medium with or without 1 µM E2 and then were transferred into the upper chamber. After 24 h of incubation the filter was gently removed from the chamber, the cells on the upper surface were removed by wiping with a cotton swab, and the cells that invaded the Matrigel and attached to the lower surface were fixed, stained with hematoxylin and eosin (H&E) and counted in 15 randomly selected microscopic fields (×100). Experiments were performed independently at least three times.
Chromatin immunoprecipitation assays
Ishikawa cells (1×10 6 ) were grown in 10-cm tissue culture plates in phenol-red-free DMEM supplemented with 10% steroid-depleted FCS. After 24 h, the cells were transfected with 10 µg of plasmid DNA mixture (1:1:1 for E-cadK1-Luc, pcDNA3.1-LRP16 and pS5G-hERα or E-cadK1-Luc, pcDNA3.1 and pS5G-hERα) using the Superfect reagent. Forty hours later, the cells were treated with 10 nM E2 for 3 h. Chromatin immunoprecipitation (ChIP) assays were performed according to the protocol for the ChIP assay kit (Upstate Biology, NY, USA). Immunoprecipitation was carried out overnight at 4 °C with ERα (Santa Cruz) or LRP16 antibody. DNA fragments were purified with a QIAquick Spin Kit (Qiagen). The presence of the target gene promoter sequences in both the input and the recovered DNA immunocomplexes was detected by PCR. The proximal promoter (−103 to +117 bp) of E-cadherin was amplified using the following primer set: forward primer, 5'-CGCTGCTGATTGGCTGTGGC-3' and reverse primer, 5'-CGGGGACGCCGAGCGAGGGC-3'.
Statistical analysis
Experiments were repeated three or more times, and data are expressed as the mean ± SEM. Statistical differences were determined using the Statview software and Student's t-test. P<0.05 was considered to be significantly different.
Results
Hormonal activation of LRP16 gene/gene promoter constructs in Ishikawa cells
Previously published work from our laboratory demonstrated that E2 upregulates the mRNA expression level of the human LRP16 gene in MCF-7 human breast cancer cells [22] . Here, to address whether LRP16 can be induced by E2 in ERα-positive human EC Ishikawa cells, cells were cultured with phenol-red-free DMEM supplemented with steroid-stripped FBS for at least 3 days and then treated with 10 nM E2 over a 72-h time period. The total RNA was then extracted and the expression level of LRP16 mRNA was determined by northern blot analysis. As seen in Figure  1A , an approximate three-fold increase of LRP16 mRNA level was observed as early as 3 h after the addition of E2 and it was retained at the 24-h time point. The elevated expression subsequently decreased with time, but two-and 1.5-fold expression levels were still observed at 48-and 72-h time points. These results are comparable with those reported previously in ERα-positive human breast cancer MCF-7 cells [22] . However, although E2 induces LRP16 expression in both MCF-7 and Ishikawa cells, a continued increase can be observed in MCF-7 cells within the time course. To assess the effect of anti-estrogen on the expression level of LRP16 in Ishikawa cells, the selective estrogen antagonist, ICI 182 780, was used at a concentration of 100 nM to treat proliferating cells. Total RNA over a 72-h time Cell Research | www.cell-research.com Function of LRP16 in endometrial cancer 872 npg course was extracted and northern blot analysis was used to determine the mRNA level. As shown in Figure 1A , treatment with ICI 182 780 resulted in a time-dependent decrease of LRP16. These results indicate that the growth media in these experiments (DMEM with 10% FCS) contained sufficient steroids to provide normal ERa function and the treatment with ICI 182 780 blocked the E2 induction of LRP16. These data confirm the estrogen regulation of LRP16 at the mRNA level in Ishikawa cells.
To address the regulatory mechanism of LRP16 expression by E2 in Ishikawa cells, we co-transfected different amounts of the ERα expression vector and the luciferase reporter pGLS 5 , which includes the LRP16 promoter fragment that was identified to confer the estrogen responsiveness in MCF-7 and HeLa cells as reported previously [23] . The results summarized in Figure 1C show that E2 induces luciferase activity in EC Ishikawa cells, human breast cancer T47D cells and MDA-MB-231 cells. Meanwhile, an increase in the exogenous amount of ERα markedly increased luciferase activity in these three cell lines. These results confirm that E2 upregulates LRP16 expression via ERα transactivation and that the level of LRP16 expression is dependent on the estrogen activity in several epithelial tumor cells, including Ishikawa cells. 
Overexpression of LRP16 does not significantly promote the proliferation of Ishikawa cells
To determine whether the overexpression of LRP16 promotes the proliferation of Ishikawa cells, the pcDNA3.1-LRP16 was stably transfected into Ishikawa cells. The empty vector was used as a negative control. The cells were then treated with 1 mg/ml G418 for 3 weeks. All of the Ishikawa parental cells were killed within this period. The results from western blot analysis show an approximate three-fold increase of LRP16 protein in Ishikawa cells transfected with ectopic LRP16 over those transfected with the empty vector (Figure 2A) . In response to the overexpression of LRP16, we did not observe significant alterations in cell proliferation ( Figure 2B ).
Overexpression of LRP16 stimulates in vitro invasion of Ishikawa cells
The previous clinicopathological data that LRP16 overexpression is positively linked to the involvement of axillary lymphoid nodes in primary breast carcinomas promoted us to investigate whether the overexpression of LRP16 induces the invasive capacity of Ishikawa cells. To this end, a modified Boyden chamber assay (Transwell assay) was carried out to determine the ability of the cells to invade through biological matrices in vitro. The relevance of this assay for cell invasion and for in vivo malignancy has been documented extensively [27] . Ishikawa is a poorly invasive cell line, but its invasion potential moderately increased in the presence of fibronectin as the chemoattrac- tant. The cells with or without ectopic LRP16 expression were equally seeded in the upper chamber, whereas, when the number of cells that invaded the Matrigel and attached to the lower filter was calculated, the invasion number of cells with ectopic LRP16 expression was more than that of the control cells ( Figure 3A) . As shown in Figure 3B , an increase of 30% in the invasion number of Ishikawa cells was repeatedly observed. These results demonstrate that LRP16 increases the in vitro invasion capacity of Ishikawa cells.
LRP16 suppresses the transcriptional activity of E-cadherin via ERα mediation
A large number of proteins have previously been reported to be involved in the invasive growth of human EC, including CD44, MMP2, MMP-9 and E-cadherin [15, 28, 29] . To screen which molecule is specific for LRP16-induced invasion of Ishikawa cells, the expression levels of these proteins were measured by western blot analysis. No significant changes were detected for MMP-2, MMP-9 and CD44 proteins (data not shown), but a three-fold decrease of E-cadherin protein was observed in Ishikawa cells that overexpress LRP16 ( Figure 4A) . Next, the expression level of E-cadherin mRNA was examined through northern blot analysis, and the results showed alterations that are consistent with those observed at the protein level ( Figure 4A) . Then, the inhibitory effect on E-cadherin expression by LRP16 in Ishikawa cells was confirmed by immunohistochemical staining ( Figure 4B ). In addition, the mRNA and protein levels of E-cadherin were also determined in stable LRP16-knockdown MCF-7 cells, and the results showed the increased expression of E-cadherin in LRP16-siRNA-expressing cells in contrast to the controlsiRNA-expressing cells ( Figure 4C ). Consistent with this, transient transfection of LRP16-siRNA 374 caused a dramatic decrease of LRP16 protein and a two-fold increase of E-cadherin in Ishikawa cells relative to the control siRNA ( Figure 4C ). These data demonstrate the reverse correlation of the expression levels between LRP16 and the E-cadherin gene in both Ishikawa and MCF-7 cells.
To further confirm the effect of E2-induced upregulation of LRP16 on the invasion capacity of Ishikawa cells, we determined the anti-invasion potential of LRP16-siRNA in E2-responsive Ishikawa cells using Transwell assays. As demonstrated in Figure 4D , knockdown of LRP16 in Ishikawa cells decreases the cells' invasion regardless of whether E2 is added in the upper chamber. Furthermore, to test whether the induction of the cells' invasion capacity by LRP16 overexpression is attributed to the downregulation of E-cadherin, the E-cadherin expression vector was transiently transfected in LRP16-overexpressing Ishikawa cells. After 48 h, Ishikawa cells transfected with E-cadherin or pcDNA3.1 empty plasmid were trypsinized and subjected to Transwell assays. The results demonstrate that the ectopic expression of E-cadherin in Ishikawa cells significantly blocks the invasion potential induced by LRP16 ( Figure 4D ). In general, these results confirm that the E2 induction of LRP16 promotes the Ishikawa cell invasion that is mediated by the downregulation of E-cadherin.
To determine whether LRP16 is a repressor for transcriptional activity of the E-cadherin gene, the E-cadherin promoter construct and LRP16 cDNA were co-transfected into Ishikawa cells. A number of previous studies have suggested that the proximal E-cadherin promoter confers the transcriptional inactivation of E-cadherin in some cancer cell lines [16] [17] [18] 26] . We decided to use the most proximal human E-cadherin promoter construct (EcadK1-Luc, −108 to +125), which has previously been shown to confer the specific epithelial expression to a reporter gene [26, 30] ; however, it does not contain any classical EREs. The results show that E-cadK1-Luc activities are efficiently repressed by LRP16 in a dose-dependent manner ( Figure 5A ). These data demonstrate that LRP16 represses the expression of the E-cadherin gene by inhibiting its transactivation. To further investigate the regulatory mechanism of E-cadherin expression by LRP16, the mRNA levels of transcription factors including Snail, Slug and SIP1, which have been previously well-documented to be repressors of E-cadherin gene [16, 26, 31] , were first examined by northern blot analysis. No significant difference was observed between LRP16-overexpressing and control Ishikawa cells (data not shown). Also, it has been documented that ERα downregulates E-cadherin expression through E2-induced interactions of ERα and its co-repressors with the E2-responsive region of the E-cadherin promoter in breast cancer cells [18] . To test whether the repression of E-cadherin transactivation by LRP16 is mediated through the ligandbound ERα, we measured the Luc activities by culturing Ishikawa cells in the absence of estrogen and phenol red. As shown in Figure 5B , LRP16 repressed the E-cadK1-Luc activities in a dose-dependent manner in the presence of estrogen but not in the absence of estrogen. These data show that the repression effect on the E-cadherin gene transcription by LRP16 is dependent on the estrogen activity. As a further demonstration of specificity, we performed the co-transfection assays in ERα-positive MCF-7 and ERα-negative MDA-MB-231 human breast cancer cells. The results summarized in Figure 5C and 5D demonstrate that LRP16 inhibits the transcriptional activities of the E-cadherin promoter construct in the presence of E2 in MCF-7 cells, but not in MDA-MB-231 cells.
LRP16 inhibits the recruitment of ERα to the E-cadherin promoter
To analyze whether the decreased promoter activity of E-cadherin by LRP16 was the direct result of the recruitment of LRP16 and ERα, we performed ChIP assays. EcadK1-Luc, which is known to be repressed by LRP16 in the presence of E2, was co-transfected with the ERα and LRP16 expression vectors into Ishikawa cells. The cells were then treated with E2 (10 nM) for 3 h, and the recruitment of ERα and LRP16 was analyzed by ChIP ( Figure  6 ). In the absence of LRP16 transfection, we repeatedly detected a high level of ERα binding at the promoter of E-cadherin. Upon LRP16 transfection into the cells, ERα was released from the E-cadherin promoter DNA. In both groups we did not detect the presence of LRP16 at the E-cadherin promoter. The results from this ChIP analysis suggest that LRP16 may inhibit E-cadherin transcription by antagonizing ERα binding to the regulatory region of E-cadherin and also suggest a possible interaction of ERα and LRP16.
Discussion
EC is the most commonly diagnosed malignancy of the female genital tract. Estrogen and most of the selective estrogen-receptor modulators are believed to be involved in endometrial carcinogenesis through their effects on transcriptional regulation [8] . Therefore, the isolation of the downstream targets of ER in EC cells could lead to the identification of the genes that are involved in the initiation and progression of ECs. Here, we identified the LRP16 gene as a target of transcriptional activation by ERα in ERα-positive Ishikawa cells, similar to that in breast cancer cells. In contrast to those reported previously in MCF-7 cells [22] , overexpression of LRP16 in Ishikawa cells did not significantly stimulate cell proliferation. These differential effects of LRP16 on cellular proliferation may be attributable to the different cellular context between MCF-7 and Ishikawa cells. Importantly, our results document a novel ERα/LRP16/E-cadherin signaling pathway in this cell culture system, which may be involved in the progression of ERα-positive ECs.
The dependence of LRP16 levels on estrogen activity predicts a mechanism by which ERα signaling can affect E-cadherin biosynthesis. ERα directly activates LRP16 transcription in response to estrogen signaling. LRP16, in turn, represses E-cadherin expression in the presence of estrogen signaling. Ultimately, this biological output of ER signaling through LRP16 is manifested in the expression modulation of E-cadherin. The ability of LRP16, whose biosynthesis depends on the estrogen activity, to functionally modulate ERα-mediated transcriptional repression contributes both to the complexity and to the plasticity of the regulatory circuit.
Previous studies have linked ERα and E-cadherin Function of LRP16 in endometrial cancer 878 npg expression in human breast cancer cell lines and primary breast carcinomas [18, 19, 32, 33] . E-cadherin is often positive in ERα-positive cancer cells, and is often negative in ERα-negative tumor cells (such as MCF-7 versus MDA-MB-231 cells), and the loss of E-cadherin may result in the more aggressive growth of ERα-negative cells by increasing the probability of invasion and metastasis. In our study, we documented the inhibitory effect of LRP16 on E-cadherin expression in ERα-positive cancer cells. The different response of the E-cadherin promoter to LRP16 in the presence of E2 between ERα-positive and negative tumor cells ( Figure 5 ) confirmed the need for ERα for the ability of LRP16 to inhibit E-cadherin expression. In general, from the cell-culture model, our data establish a novel molecular axis from ERα signaling to E-cadherin expression in ERα-positive cancer cells.
The regulation of E-cadherin expression by ERα involves multiple molecular pathways in ERα-positive cancer cells. For example, MTA3, an ERα target gene, indirectly induces E-cadherin transcription by directly repressing the expression of Snail, which is a well-documented Ecadherin repressor [19] . Evidence also suggests that the E2-mediated downregulation of E-cadherin involves in the functional interactions of ERα and its co-repressors, such as SAFB and NCoR, with the proximal E-cadherin promoter in MCF-7 cells [18] . Our ChIP analyses also show an involvement of ERα at the E-cadherin promoter in Ishikawa EC cells, but LRP16, unlike SAFB and NCoR, cannot be immunoprecipitated at the E-cadherin promoter ( Figure 6 ). However, in the LRP16-overexpressing cellular context, ERa is partially released from the E-cadherin promoter (Figure 6 ), indicating that LRP16 has an antagonistic role in the process of ERα binding to the E-cadherin promoter DNA. Several previous studies have suggested that a balance between the co-activators and co-repressors of ERα is an important factor for modulating ERα-repressed gene expression, the disruption of which may incur the alteration of receptor binding to the promoter of its target genes [34, 35] . In addition, several lines of evidence indicate that the ability of nuclear receptors (NRs) to stimulate transcription requires chromatin remodeling and the functional interaction of NRs with chromatin-remodeling complexes [36] [37] [38] . As for the detailed mechanism of LRP16 blocking the access of ERα to the E-cadherin promoter, we would like to propose that LRP16 may exert its molecular action by remodeling DNA structure because of a conserved Macro_Appr_pase_like motif present in LRP16, which is also found in a number of proteins that are associated with DNA and/or RNA unwinding (available at http://smart.embl-heidelberg.de/smart/do_annotation. pl?DOMAIN=A1pp). Experiments are ongoing to test this hypothesis by examining the presence of LRP16 in the chromatin-remodeling complexes and the interactions between LRP16 and ERα or its cofactors.
Metastasis is the most common cause of death in patients with cancer. Our previous study that positively linked the overexpression of LRP16 mRNA in primary breast carcinoma samples with the involvement of axillary lymphoid nodes suggested the involvement of LRP16 during the metastasis of breast cancer [24] . In carcinomas, the metastatic process is thought to consist of a number of distinct steps. Invasion is the first step, which requires tumor cells to lose cell-cell adhesion and to gain motility, and subsequently involves the detachment of cells from the primary tumor and migration of tumor cells through the extracellular matrix [39, 40] . At this stage, one of the proteins that are downregulated is E-cadherin, a molecule essential in the establishment of homotypic adhesion junctions [13, 41] . A number of experimental and clinical investigations revealed that the loss of E-cadherin expression is associated with endometrial tumor cell invasion and poor prognosis [13, 15, 42] . Dysregulation of several transcription regulators of the E-cadherin gene such as Twist, Snail and progesterone receptor is also associated with the progression of ECs [43] [44] [45] . In this study, we document that LRP16 is a novel repressor of E-cadherin. Using a modified Boyden chamber assay, we observed that the ectopic expression of the LRP16 gene significantly promotes the invasive capacity of Ishikawa cells (Figure 3) . By contrast, inhibition of the endogenous LRP16 in Ishikawa cells blocked the invasion of E2-stimulated cells ( Figure 4D ). We also provide evidence that the promoting effect of LRP16 on invasive behavior can be attributed to the ability of LRP16 to suppress the expression of E-cadherin ( Figure 4D ). Studies analyzing the relationship between ERα, LRP16 and E-cadherin expression in large carcinoma samples are ongoing.
Our data represent the first evidence to link ERα-mediated transcriptional signaling to E-cadherin expression by the E2-regulated LRP16 gene in Ishikawa human EC cells, implying a novel mechanism of estrogen-induced progression of EC. Although the in vivo function of LRP16 is unknown, the increased invasion capacity of Ishikawa cells following LRP16 overexpression suggests an important role in the progression of EC. If similar results could be reproduced in vivo using an athymic mouse model and a positive link could be established between LRP16 overexpression and unfavorable prognosis in patients with EC, then the suppression of LRP16 expression may significantly prolong the survival of patients with EC by inhibiting or slowing down the invasive capacity of EC cells. The identification of the ERα/LRP16/E-cadherin signaling pathway may provide a potential target for anti-estrogen therapy and prevention of invasion.
